A search for narrow resonances produced in pp collisions at the CERN ISR has been carried out using two magnetic spectrometers to measure and identify two final-state charged hadrons. The resultant two-particle invariant mass spectra show no strong structure suggesting any new narrow resonance. The statistical significance of various enhancements seen in the data is discussed, and upper fimits on the cross section times branching ratio for new particle production are presented.
Introduction
An experiment has been performed at the CERN Intersecting Storage Rings to search for new states, produced in pp collisions, which decay into two charged hadrons: ~r +~, K -+, p and ~. Such new states would be of considerable interest in view of the theoretical speculations stimulated by the discovery of the J/t) particle [11. 2. Apparatus and data acquisition
The apparatus consisted of two single-arm magnetic spectrometers shown schematically in fig. 1 . The small angle spectrometer (SAS) accepted particles of one sign of charge produced at 50 +-5 mrad above one of the circulating beams. The momenta of the accepted particles lay between 3 and 15 GeV, and three threshold gas ~erenkov counters were used to identify pions, kaons, and protons over this momentum range. The SAS solid angle is ~0.08 msr, and the momentum resolution is 6p/p ~ 1.2% (FWHM). The SAS is described in more detail in ref. [2] . The wide angle spectrometer (WAS) accepted simultaneously both positively and negatively charged particles produced at 38 +-5 ° (85% of the data) or 45 -+ 5 ° (15% of the data) to the acute bisector of the two beams. Two threshold gas Qerenkov counters and a time-of-flight system were used to identify pions, kaons, and protons over the momentum range 0.5-3.4 GeV, except for a K/p ambiguity in the region 1.4-1.65 GeV. The WAS solid angle is ~11 msr, and the momentum resolution is 8pip ~ 0.03 p (GeV) FWHM. The WAS is described in more detail in ref. [3] . Complementary to the two spectrometers is a scintillation counter hodoscope system which covers about 97% of the solid angle around the intersection region. This hodoscope system is described in ref. [4] .
Both these spectrometers have been fully operational for some time, and their properties are well understood. The present experiment required only the implemen- tation of a hardware trigger to operate the two spectrometers in coincidence, and the installation of a pair of spark chambers in front of the first WAS ~erenkov counter to improve the resolution of the production angle of the WAS particle, and hence of the invariant mass of the two-hadron system. This mass resolution is calculated to be between 10 and 20 MeV (standard deviation) depending on the mass. The overall systematic error on the mass scale is estimated to be not more than 25 MeV.
if!
In a period of 460 h of data taking, corresponding to an integrated luminosity of 8.0 " 1036 cm -2, a total of ~840 K coincidence triggers were recorded of which 177 K had a reconstructed and uniquely identified track in each spectrometer. 17% of the integrated luminosity was with positively charged particles accepted in SAS, and the rest with negatively charged particles] All data were taken at s = 2760 GeV 2, i.e. 26.5 GeV momentum in each ring. In terms of the 4-momentum of the two-hadron state, obtained by summing the 4-momenta of the SAS and WAS particles, the data lie in the range 0.15 ~<x ~< 0.6 where x = 2PL/X/s , 0.3 ~<PT ~< 2.0 GeV, and the invariant mass range is ~2 GeV extending up from some lower limit (I-2 GeV) which depends on the SAS and WAS particle masses.
Results
The data comprise 21 distinct two-hadron combinations, hlh2, after combining h 1 (SAS)h2(WAS) with h 1 (WAS)h 2 (SAS). Plotting out these 21 invariant mass spectra in 20 MeV bins, we nowhere observe a narrow enhancement so large as to render arguments about statistical significance superfluous.
In order to analyse the statistical significance of the various fluctuations seen in the ~1600 20 MeV mass bins making up the 21 plots, it is essential to know, with high precision, the shape of the mass spectrum resulting from the independent, nonresonant, emission of two hadrons from the collision. To estimate the shape of this continuum for any hl(SAS)h2(WAS ) combination we generate a mass spectrum by making all possible non-coincident hI(SAS)h2(WAS ) combinations. Using data taken in the coincidence mode, rather than with SAS and WAS operating independently, we automatically take account of the average effect of the weak kinematic correlation resulting from the coincidence requirement. All spectrometer acceptance effects are also incorporated in the mass spectra obtained.
The spectrum generated for each hlh 2 combination is then normalized to the number of hlh 2 coincident events. As the non-coincident spectrum is known with very high statistical precision we can estimate X, the number of standard deviations of the coincident events from the non-resonant continuum, by n C -nNC X-~nNC , where n C is the number of coincident events in the bin, and nNC is the normalized number of non-coincident events. Where necessary, adjacent bins are combined until nc~5.
The 21 mass distributions are shown in fig. 2a -u. Indicated are the coincident events (histogram), the normalized non-coincident spectrum (drawn lines), and the value of X in each bin is plotted below. The "double hump" structure seen in some of the plots, e.g. fig. 2l , is a consequence of the different mass acceptance for hl(SAS)hz(WAS) and hl(WAS)h2(SAS ). As remarked above, the data show no strong structure, e.g. with a strength like the J/~ signal seen in the BNL experiment. Indeed a striking feature of the data is the close overall agreement between the coincident and non-coincident event spectra. In the region of phase space covered by this experiment there appears to be little, if any, difference between the mass distributions of two hadrons which originate from the same or different pp collisions. It is furthermore clear that the very high multiplicity of typical pp collisions at this energy (Plab ~ 1500 GeV) constitutes a major combinatorial background in searching for non-leptonic decays of possible narrow resonances.
In more detail, the spectra of coincident events show deviations from the noncoincident spectra. The statistical significance of the deviations is illustrated in fig. 3 which shows the X 2 distribution obtained from the 21 plots of fig. 2 and, superimposed, the theoretical distribution for 1 degree of freedom normalized to the total number of bins in fig. 2 . For X 2 ~ 10, at which point the theoretical curve falls below 0.1 per bin, the two distributions can be seen to agree, indicating that the great majority of the deviations observed are in accord with what one would expect on statistical grounds.
Details of the four effects seen with ?<2 = Xg > 10 are given in the inset of fig. 3 . fig. 2 , and, superimposed, the theoretical x 2 distribution for 1 degree of freedom normalized to 1617. Details of the 4 effects with x 2 > 10 are given in the inset.
They occur in pn-at 1750 MeV ( fig. 2p ), pp at 3330 MeV ( fig. 2t) , pK-at 2150 MeV ( fig. 2q ) and 7r+rr + at 3530 MeV ( fig. 2g, insert) . The pTr-effect is a dip below the expected level and thus of no interest. For each of these effects we compute the confidence level, CL, from the Poisson distribution *' n 1 (n ) ne-nNC CL= ~ (nNC)"e-nNC ~ NC
Here nNc is, as above, the expected number of events from the non-coincident spectrum, and r/1 and n 2 are, respectively, the smaller and larger solutions of X 2 = (n -nNC)2/nNC . Multiplying2CL by the total number of bins gives the number of bins expected to have X 2 ~> X0. For the three effects which show a positive enhancement above the expected level, the expected number of bins is 2.2, 2.2 and 1.0 to be compared with the observed number of bins 3,2 and 1. One concludes that the effects observed in pp at 3330 MeV, pK-at 2150 MeV, and n+Tr + at 3530 MeV are compatible with statistical fluctuations even though the X 2,s are large. Nevertheless, it should perhaps be remarked that a signal in the pK-channel at 2150 MeV could be readily accommodated in charm theories [5] . There is a wellestablished A resonance at a mass of 2100 MeV which is however broad -P ~ 120 MeV. The probability that such a broad resonance would show up in one 20 MeV bin is negligibly small.
We have also looked for broad enhancements in the data. The most significant is a four-bin effect in K-K-centred at 2340 MeV (n C = 17, nNC = 5.6). However the K-K-data is sparse (see fig. 2f ) and it is hard to know if the non-coincident spectrum is correct in this case. The next most significant three effects are: 7r+K + centred at 1780 MeV ( fig. 2c , n c = 195, nNC = 150), pn-centred at 2660 MeV ( fig. 2p , n C = 768, nNC = 675) and rr+Tr -centred at 2570 MeV ( fig. 2i , n C = 190, nNC = 147). The enhancement in pn-could correspond to the N*(2650) resonance, though it appears to be narrower than the reported width of ~300 MeV. The absence of N*'s in the data, with the possible exception of the N*(2650), could be explained by the peripheral nature of their production, with momenta which lie beyond tire acceptance of the apparatus.
Next we examine the possibility that some new narrow resonance might exist in several charge states, almost degenerate in mass, ~¢hich decay into several different two hadron combinations hlh 2. We have therefore combined the data into five sets, distinguished only by baryon number, B = -2, -1,0, +1, +2. The B = -2 and +2 combinations are the pp and ~ combinations shown in fig. 2t and u, respectively. in this way (i.e. from fig. 2t and u and fig. 4a-c) is shown in  fig. 5 . Once again the overall agreement between the coincident and non-coincident spectra is very good, as is that between the observed ×2 distribution and the theoretically expected one. We are left with two effects with ×2 > 10 which are detailed in the inset of fig. 5. The first is a repetition of the pp effect detailed in fig. 3 We are left with the possibility of making cuts in various kinematic variables of the two hadron system, and/or on the associated charge multiplicity measured in the complementary hodoscope system. The nature of the acceptance of the two spectrometers is such that the Feynman x and transverse momentum, PT, of the two hadron system are essentially linearly related to the mass, and so cuts on x or PT are tantamount to mass cuts. The solid angle coverage in the rest frame of the two-hadron system is too restricted to look for possible indications of resonance production in the decay angular distribution. n C is the nmnber of coincident events seen, and nNC is the number expected from the normalized non-coincident spectra.
We have tried to reduce the combinatorial background by cutting on the total associated multiplicity and by cutting on the associated multiplicity in the hemisphere containing the SAS and WAS particles. We have also tried to enhance possible diffractive production by requiring only one particle at a small production angle in the hemisphere opposite the SAS and WAS particles. All these multiplicity cuts only produce pro rata reductions in the statistics.
In order to obtain upper limits on the cross section times branching ratio, o" BR, for new particle production, the acceptance of the SAS-WAS apparatus has been calculated allowing for particle decay and absorption. Uncertainties in this calculation and in the overall normalization could lead to a systematic uncertainty of a }'actor ~2 in the cross sections. We obtain the invariant cross section times branching ratio, E(d3o/dp 3) "BR, by assuming isotropic decay in the rest frame of the two hadrons, and o" BR using a parametrization of the differential cross section proposed by Bourquin and Gaillard [6] , namely ) • BR tend to lie in the range 1-10/lb GeV -2 at x ~ 0.3 and PT ~ 1 GeV. Kinoshita et al. [7] have calculated the differential cross section for inclusive charmed meson production to be E d3o/dp 3 ~ 0.5/~b GeV -2 at these values of x, PT and s. The 5 standard deviation upper limits on a" BR are shown as a function of mass, for all combinations, in fig. 6a -f-the various combinations being grouped together as in fig. 2 . Over the region of reasonable acceptance these upper limits are -0.1 mb. Sivers [8] has suggested cross sections of ~100/~b for charm production in pp collisions at x/s ---53 GeV. Aubert et al. [9] have measured two-hadron mass spectra and obtained limits in the range a" BR ~ 10 -7 mb in proton-nucleon collisions at x/s = 7.5 GeV. Bleser et al. [10] have obtained o' BR ~ 10 .4 mb in neutron-nucleon collisions at x/s = 20 GeV.
The upper limits obtained in this experiment for the production of new narrow resonances leave room for charm production at a level suggested by theory. It is a pleasure to acknowledge the excellent running conditions provided at the ISR during the taking of this data. The mass histograms presented in this paper were drawn using the CERN graphics package GD3.
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